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Introduction
PJM Interconnection (hereafter PJM) is a
private Regional Transmission Organization
(RTO) that manages electricity generation and
transmission in parts of the Mid-Atlantic and
Midwest regions of the United States and is one
of the world's largest competitive wholesale
electricity markets. Founded in 1927, PJM
began as a regional power pool for

In this briefing paper, we describe each of the
three major roles taken on by PJM and how
they relate to West Virginia’s electricity market.
Though West Virginia’s electricity market
remains highly regulated, all of the major
utilities and IPPs in the state are members of
PJM and participate in the electricity markets
managed by the RTO.

Figure 1: PJM Service Area

Source: IRC ISO/RTO Council

PJM Functions

Pennsylvania and New Jersey to share
electricity resources across states. Since then, it
has grown to encompass all or part of 13 states
(see Figure 1) with nearly 400 member utilities
and independent power producers (IPPs). Since
the restructuring of electricity markets
throughout the mid-1990s, PJM has taken on
new roles to manage wholesale electricity and
capacity markets in its service territory. It also
manages transmission, ensuring the reliability
of the electricity grid for millions of electricity
customers.

WHOLESALE ENERGY MARKET: PJM’s primary
purpose is to operate a competitive wholesale
energy market that allows generators and users
to buy and sell power across the PJM service
territory.1 Established in 1999, the PJM energy
market encompasses both a day-ahead
wholesale power market and a real-time market
to balance load during peak demand.

1

Ott, Andrew L. 2003. “Experience with PJM Market Operation, System Design, and Implementation.”
IEEE Transactions on Power Systems 18, no. 2 (May): 528-534.
https://doi.org/10.1109/TPWRS.2003.810698.
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Both markets are structured similarly. In the
day-ahead market, power generators place an
offer price for a given amount of capacity at a
particular hour during the following 24-hour
period. Utilities that demand power can then
purchase that capacity under a binding contract
for the next day. The prices are adjusted to
account for energy transmission constraints,

scheduled resource. In part because of these
market mechanisms, PJM’s average wholesale
price has been at or below the US average for
the last three years (see Figure 2).
CAPACITY MARKET: While PJM’s wholesale
markets take care of day-to-day matching of
buyers and sellers, the RTO also operates a

Figure 2: Quarterly wholesale electricity prices (2021$)
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which makes prices rise or fall depending on the
location of the generation and demand. This
helps balance the load across the entire energy
grid in the PJM service area.

capacity market that is designed to handle longterm investments in new generation resources.2
The capacity market grew out of the need to
ensure long-term reliability of the energy grid
managed by PJM. Prior to the creation of the
PJM capacity market in 2007, the RTO’s
wholesale market structure did not provide
enough incentive to create new power
generation assets, because it failed to price in

Once the day-ahead market is closed,
generators and buyers can then enter a realtime market. This market allows utilities serving
customers to balance their system load if
demand was higher or lower than predicted the
previous day. Utilities can also account for their
own generation through the use of a self2

Bowring, Joseph. 2013. “Capacity Markets in PJM.” Economics of Energy and Environmental Policy 2, no. 2: 47-64.
https://www.jstor.org/stable/10.2307/26189456.
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investment costs into the wholesale price.3 This
dynamic is one of the reasons cited for poor
performance in Texas during the winter storms
of 2021, when several generation assets went
offline because of extreme cold and led to an
emergency situation for much of the state.
Most of Texas is a stand-alone system (ERCOT)
that is unable to pull electricity from power

through long-run power purchase agreements.
The market also accounts for differences in
value across the service area, with capacity built
near higher demand areas worth more than
those built farther away.
In the PJM capacity market, energy is valued
according to the price offered, which ensures

Figure 3: PJM Share of Generation by Fuel Source
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generating asset in other states, and therefore
not regulated by FERC.

that every type of resource is treated equally.
This mechanism has allowed PJM to incorporate
additional types of capacity resources—such as
renewables and new natural gas combined
cycle plants—with little alteration to the
functioning of the market. As shown in Figure 3,
the share of generation in the PJM market
produced by natural gas rose from just over 23
percent in 2016 to about 39 percent by 2020.
Renewable energy also rose from about 4

PJM’s solution was to create the Reliability
Pricing Model capacity market. Each utility in
the PJM service area is required to have enough
capacity available to meet its peak load plus an
additional amount held in reserve—usually
between 15 and 20 percent—in case of
unplanned fluctuations in demand. The capacity
market allows utilities to purchase the
necessary capacity reserves three years ahead
of time from a wide array of market participants
3

Ibid.
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percent in 2016 to nearly 7 percent in the first
half of 2021.

outages at generating stations within the PJM
territory.4 From 2010 to 2014, the forced
outage rate varied from a low of 5.5 percent in
2011 to 7.4 percent in 2012. During this period
the force outage rate in PJM was above the US
average, which was between 3 percent and 5.7
percent. However, since 2015, PJM’s outage
rate has fallen below the national average,

RELIABILITY: The last of PJM’s primary functions
is to ensure the reliability of the electric grid
within its service territory. This function is
closely related to its energy and capacity
markets, which are designed in such a way as to

Figure 4: Forced Outage Rate
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Source: Federal Energy Regulatory Commission. Outage rate includes data on forced and other outage categories at the
summer peak from June-September.

compensate generators to be able to meet the
demand of utility consumers through the use of
auction markets, as described above. PJM’s
capacity markets also build in reserve margin in
case of unforeseen outages.

ranging from 4.1 percent in 2019 to 5.6 percent
in 2016.

As shown in Figure 4, reliability—as measured
by the forced outage rate—in the PJM territory
has improved since 2014. Forced outage is a
measure of the share of capacity that is
unavailable in the system due to unplanned
4

Forced outage rate is derived from Federal Energy Regulatory Commission (FERC) Form 714. The outage rate is
defined as the sum of the capacity unavailable due to unplanned outages and other outages as a share of total
capacity.
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PJM and West Virginia’s Utilities

REGULATED VS INDEPENDENT POWER
SECTORS: West Virginia has a highly regulated
market for in-state consumers, whose
electricity comes largely from a few monopoly
providers that generally produce their own
generation to meet demand. As shown in Table
1, the state has 15 power stations with more
than 100 MW of net summer capacity, with
seven coming in above one gigawatt of
capacity. Among these power plants, seven are
owned by regulated utilities that primarily sell
power to the state’s consumers. The remaining
eight are independent power producers that
generate electricity to be sold on PJM’s
wholesale market. In addition, the state’s
regulated generators may also sell excess
power into wholesale markets, which has the

One of the primary benefits of restructured
markets, such as PJM, is the potential for lower
wholesale and retail prices for consumers in the
region. Academic research has studied whether
electricity restructuring has resulted in lower
prices; the results have been mixed, with some
studies showing lower prices and others
showing little to no benefit from increased
competition to end-use consumers.5
Also, some experts have touted the potential
for improvements in carbon and other
emissions due to the incorporation of
renewable and lower-emitting natural gas
plants. In this section, we examine prices paid
by consumers and emissions in West Virginia,
PJM, and the US more broadly.

Table 1: West Virginia Power Plants with Capacity Greater than 100 MW
Plant Name
John E Amos
Harrison
Mt. Storm
Pleasants
Mitchell
Mountaineer
Fort Martin
Longview
Ceredo
Pleasants Energy
Big Sandy
NedPower Mt. Storm
Laurel Mountain
New Creek Wind
Beech Ridge

Power Source(s)
Coal
Coal
Coal
Coal
Coal
Coal
Coal
Coal
Natural Gas
Natural Gas
Natural Gas
Wind
Wind, Batteries
Wind
Wind

Sector
Regulated Utility
Regulated Utility
Regulated Utility
Independent Power Producer
Regulated Utility
Regulated Utility
Regulated Utility
Independent Power Producer
Regulated Utility
Independent Power Producer
Independent Power Producer
Independent Power Producer
Independent Power Producer
Independent Power Producer
Independent Power Producer

Net Summer
Capacity (MW)
2,900
1,954
1,640
1,368
1,560
1,299
1,098
710
450
344
300
264
114
103
101

Source: US Energy Information Administration
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For an overview of the academic literature, see Chen, Wei-Ming. 2019. “The U.S. electricity market twenty years
after restructuring: A review experience in the state of Delaware.” Utilities Policy 57 (April): 24-32.
https://doi.org/10.1016/j.jup.2019.02.002.
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potential to offset costs for in-state consumers
by bringing in revenue from out of state.

was somewhat above the average rate, at
almost 14 cents per kWh. However, residential
rates in the PJM region fell about 1.6 percent
per year on average over the last nine years to
about 12.1 cents per kWh, coming in below the
US average in each of the previous eight years.

RETAIL ELECTRICITY PRICE COMPARISON: Over
the past 10 years, West Virginia’s residential
prices have risen, while PJM’s average price has
come down considerably. As of 2019, the
average residential electricity price in the PJM

Electricity prices for industrial consumers in the

Figure 5: Electricity Prices for Residential Consumers (2021$)
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Source: US Energy Information Administration. *PJM Data unavailable for 2020.

area was 12.1 cents per kWh, approximately 4
percent above West Virginia’s average of 11.6
cents per kWh. Both were well below the US
average residential price of 13.4 cents per kWh
in 2019.

PJM area followed a similar trend as for
residential consumers. As shown in Figure 6, the
average price for industrial consumers was 7.6
cents per kWh in 2010, below the national
average of 8 cents. The average price for
industrial customers in PJM fell to just over 6
cents per kWh in 2019, a decline of nearly 2.5
percent per year on an average annual basis.

Historically, West Virginia’s electricity prices
have been significantly below the national
average. As shown in Figure 5, the average
electricity price for residential customers was
approximately 10.4 cents per kWh in 2010,
which was more than three cents lower than
the national average of 13.6 cents per kWh.

West Virginia’s industrial electricity rates also
fell during this period, moving from 6.9 cents
per kWh in 2010 to 6.2 cents per kWh in 2019, a
decline of about 1.2 percent per year on
average. However, West Virginia’s industrial
rates in 2019 were above those for the PJM
market as a whole.

The average residential electricity price in 2010
for consumers in utilities participating in PJM
6

Both PJM and West Virginia were well below
the US average for industrial rates over this
period. US electricity rates for industrial
consumers averaged 8 cents per kWh in 2010,
falling to about 6.8 cents per kWh in 2019.
However, the spread between West Virginia’s
industrial electricity rate and the national
average fell to about 0.6 cents per kWh in 2020

increases in power generation from combinedcycle natural gas, which has a 50% lower carbon
output than coal according to the US Energy
Information Administration.
West Virginia has significantly higher carbon
emissions than the PJM average. West Virginia’s
power plants produced more than one

Figure 6: Electricity Prices for Industrial Consumers (2021$)
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Source: US Energy Information Administration. *PJM Data unavailable for 2020.

thousand tons of CO2 per GWh of generation in
each of the past four years. This carbon
intensity is mostly due to West Virginia’s
reliance on coal-fired power plants for its
generation, which produced approximately 88
percent of total generation in the state in 2020.

from a peak of 1.4 cents in 2014.
EMISSIONS: Between 2016 and 2019, carbon
emission intensity at generation sources that
feed into PJM fell, as shown in Figure 7. Carbon
emissions fell from 829 tons of carbon dioxide
(CO2) per gigawatt hour (GWh) in 2016 to about
695 tons in 2019, a decline of more than 16
percent. During the same period, US carbon
emissions as a share of generation fell from 798
tons per GWh to 730 tons per GWh. As
mentioned above, PJM has developed a more
varied generation mix in recent years with a
substantial amount of low-carbon sources, such
as renewables and nuclear power, as well as
7

Figure 7: Carbon Dioxide Emissions
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Figure 8: Sulfur Dioxide Emissions
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PJM has also reduced sulfur dioxide (SO2)
emissions as a share of generation over the
2016-2019 period (see Figure 8). SO2 emissions
at plants that feed into PJM’s network fell from
about 1.9 pounds per GWh in 2016 to just over
1.1 pounds per GWh in 2019, a decline of about
40 percent. During the same period, emissions
at West Virginia’s power plants fluctuated

Finally, emissions of nitrogen oxide (NOx) also
declined in PJM’s territory between 2016 and
2019, as shown in Figure 9. Emissions fell from
about 1.2 pounds per GWh to under 0.8 pounds
per GWh over this period, a decline of more
than 37 percent. Emissions at West Virginia’s
power plants also declined during this period
from 1.4 pounds per GWh to 1.2 pounds per

Figure 9: Nitrogen Oxide Emissions
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between 1.1 and 1.4 pounds per GWh ending
the period largely unchanged. However, both
regions had emissions higher than the national
average of 1.1 pounds per GWh in 2019.

GWh, a decline of 15 percent. West Virginia’s
NOx emissions are considerably above the
national average, however, which fell from 1.2
to 1 pounds per GWh over this four-year period.
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Glossary of Terms
Term
Capacity market

Day-ahead market

Forced outage

Independent Power Producer

kWh

MWh
Real-time market

Regional Transmission Organization

Wholesale electricity

Definition
Forward market to allow the sale of long-term capacity
contracts to ensure the adequate availability of necessary
resources that can be called upon to ensure the reliability of
the grid.
Forward markets where electricity quantities and market
clearing prices are calculated individually for each hour of the
next day on the basis of participant bids for energy sales and
purchases.
The shutdown of a generating unit, transmission line, or
other facility for emergency reasons or a condition in which
the generating equipment is unavailable for load due to
unanticipated breakdown.
A corporation, person, agency, authority, or other legal entity
or instrumentality that owns or operates facilities for the
generation of electricity for use primarily by the public, and
that is not an electric utility.
Abbreviation for kilowatt hours. A measure of electricity
defined as a unit of work or energy, measured as 1 kilowatt
of power expended for 1 hour.
Abbreviation for megawatt hours. One thousand kilowatthours or one million watt-hours.
Markets where electricity quantities and market clearing
prices are calculated individually for each hour of the current
day on the basis of participant bids for energy sales and
purchases.
An independent, federally regulated entity established to
coordinate regional transmission in a non-discriminatory
manner and ensure the safety and reliability of the electric
system.
Electricity sold to other electric utilities or to public
authorities for resale distribution.

Sources: US Energy Information Administration, PJM

2

About the Bureau of Business and Economic Research
Since the 1940s, the BBER’s mission has been to serve the people of West Virginia by providing the
state’s business and policymaking communities with reliable data and rigorous applied economic
research and analysis that enables the state’s leaders to design better business practices and public
policies. BBER research is disseminated through policy reports and briefs, through large public forums,
and through traditional academic outlets. BBER researchers are widely quoted for their insightful
research in state and regional news media. The BBER’s research and education/outreach efforts to
public- and private-sector leaders are typically sponsored by various government and private-sector
organizations.
The BBER has research expertise in the areas of public policy, health economics, energy economics,
economic development, economic impact analysis, economic forecasting, tourism and leisure
economics, and education policy, among others. The BBER has a full-time staff of three PhD economists,
and one master’s-level economist. This staff is augmented by graduate student research assistants. The
BBER also collaborates with affiliated faculty from within the John Chambers College of Business and
Economics as well as from other parts of WVU.
To learn more about our research, please visit our website at https://business.wvu.edu/bber/.
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